our study was based on studies conducted by Moran et al. (11) and Tütüncü (12) . For the rats in group 1, 1 mg/kg capsaicin (cat no. M 2028, Sigma-Aldrich, Germany) was dissolved in 10% ethanol and mixed with 1% Tween (cat no. M 8170772100, Merck, USA) and 80% distilled water. Capsaicin solution was freshly prepared according to daily body weights of the rats and injected subcutaneously with an insulin injector at the same time every day for a week. For the rats in group 2, 1 mg/kg capsaicin was dissolved in 10% ethanol and mixed with 1% Tween and 80% distilled water. Capsaicin solution was freshly prepared according to daily body weights of the rats and added to their drinking water. For the rats in group 3, a solution of 10% ethanol, 1% Tween, and 80% distilled water was injected subcutaneously as described previously. All rats were weighed daily before injection and oral administration of solutions. After 1 week, all rats were sacrificed by cervical dislocation method under diethyl ether anesthesia and small intestine samples (duodenum, jejunum, and ileum) were taken.
Histomorphometric evaluations and statistical analysis
In order to determine whether there was a difference among groups in terms of villus height, crypt depth, and goblet cell count in the small intestine, histometric measurements and counts were performed by means of ocular micrometer adjusted to the research microscope (Olympus CX21, Japan). Villus height, crypt depth, and goblet cell count present in villi and crypts were determined in five villi chosen randomly from six sections taken serially from the duodenum, jejunum, and ileum of each animal. Villus height was measured from the tip of the villus to the villus-crypt junction by using 10× objective, crypt depth was determined by measuring the distance between edges of crypts with 40× objective, and goblet cell count in villi and crypts was directly counted with 10× and 40× objectives. SPSS 15.0 was used in order to statistically compare the data on body weight measurements, villus height, crypt depth, and goblet cell count among groups. Possible differences were determined using ANOVA and t-tests. The confidence interval in statistical analysis was determined as 0.05.
Histological procedure
Samples were fixed in 10% formaldehyde for 24 h, and then routine procedures were applied and samples were embedded in paraffin. Serial sections of 5 µm thick were sliced from paraffin-embedded blocks and Crossman's triple staining method was used to demonstrate the general structure of the small intestine.
Immunohistochemical procedure
For immunohistochemistry, the streptavidin-biotin peroxidase complex method was applied to 5-µm-thick sections. After deparaffinizing and rehydrating the sections, endogenous peroxidase activity was blocked with 0.3% hydrogen peroxide for 20 min. Sections then were washed in 0.01 M phosphate buffered saline (PBS) solution, pH 7.4. Sections were incubated with polyclonal goat anti-PDGF-C antibody (sc-18228, Santa Cruz Laboratories, Santa Cruz, CA, USA) diluted 1:50 in PBS and polyclonal rabbit anti-PDGFR-α antibody (sc-338, Santa Cruz Laboratories) diluted 1:400 in PBS. Sections were incubated with biotinylated goat antirabbit and rabbit antigoat IgG for 30 min and peroxidaseconjugated streptavidin (1:300) (P0397; Dako Corp., Carpinteria, CA, USA) for 30 min. 3,3′-Diaminobenzidine tetrahydrochloride (0.5 mg/mL; Dako Corp.) was used as chromogen followed by hematoxylin counterstaining. Sections were mounted with ImmunoMount and examined by light microscope (Olympus BX51, Tokyo, Japan). Rabbit serum without primer antibody served as the negative control. Immunostaining intensity of PDGF-C and PDGFR-α immunoreactive cells were evaluated in four different cross-sections and by two different researchers. Immunoreactive cells were categorized as having (-) negative, (+) very slight, (++) slight, (+++) moderate, (++++) intensive, or (+++++) very intensive immunolabeling.
Results

Body weight results
The statistical results showed that while body weights of groups 1 and 2 decreased compared to the first day, there was a significant increase (P < 0.05) in terms of body weight in group 3. In light of the statistical data, capsaicin administration was determined to cause a decrease in body weight (Table 1) .
Villus height results
When all the groups were compared in terms of villus height, there was a significant difference among them (P < 0.05). An increase in villus height was observed in group 1 compared to other groups (Table 2 ).
Crypts depth results
When all the groups were compared in terms of crypts depth, there was a significant difference among them (P < 0.05). An increase in crypts depth was observed in groups 1 and 2 (Table 3) .
Count of goblet cells located on villi
When all the groups were compared in terms of count of goblet cells located on villi, there was a significant difference among them (P < 0.05). An increase in count of goblet cells located on villi was observed in groups 1 and 2 (Table 4) .
Count of goblet cells located on crypts
When all the groups were compared in terms of count of goblet cells located on crypts, there was a significant difference among them (P < 0.05). An increase was observed in count of goblet cells located on crypts especially in group 1 compared to groups 2 and 3 ( Table 5 ).
Histological results
Normal histological results were obtained and no difference was observed in the histological structure of rats in all three groups (Figure 1 ).
Immunohistochemical results
Specific PDGF-C and PDGFR-α reactions were observed in small intestine tissues of all groups.
PDGF-C immunoreactivity in duodenum
Slight cytoplasmic reaction was observed in villus epithelial cells of all groups. While intensive nuclear reaction was observed in goblet cells of groups 1 and 2, moderate nuclear reaction was remarkable in goblet cells Figure 2 ).
PDGF-C immunoreactivity in jejunum
While moderate cytoplasmic reaction was observed in villus epithelial cells of groups 1 and 2, very slight cytoplasmic reaction was present in villus epithelial cells of group 3. While very intensive nuclear reaction was present in goblet cells of groups 1 and 2, slight nuclear reaction was observed in goblet cells of group 3. It was observed that while rats in groups 1 and 2 had moderate cytoplasmic reaction in crypt epithelial cells, group 3 had very slight cytoplasmic reaction. While intensive cytoplasmic reaction was observed in vascular endothelial cells in groups 1 and 2, slight cytoplasmic reaction was present in group 3. It was remarkable that while very slight reaction was observed in smooth muscle cells in group 1, there was no reaction in groups 2 and 3 ( Figure 3 ).
PDGF-C immunoreactivity in ileum
While villus epithelial cells of group 1 had slight cytoplasmic reaction, very slight cytoplasmic reaction was identified in villus epithelial cells of groups 2 and 3. There was very intensive nuclear reaction in goblet cells of group 1, intensive nuclear reaction in those of group 2, and slight nuclear reaction in those of group 3. Crypt epithelial cells were observed to have slight cytoplasmic reaction in group 1 and very slight cytoplasmic reaction in groups 2 and 3. Vascular endothelial cells had very intense reaction in group 1, moderate reaction in group 2, and slight reaction in group 3 ( Figure 4 ).
PDGFR-α immunoreactivity in duodenum
Slight cytoplasmic reaction was observed in villus epithelial cells of all groups. While the nuclear reaction observed in goblet cells was very intensive in groups 1 and 2, it was slight in group 3. Crypt epithelial cells of all groups had slight cytoplasmic reactions, similar to villus epithelial cells. Reaction in vascular endothelial cells was very intensive in groups 1 and 2 and slight in group 3. Reaction in smooth muscle cells was slight in group 1, moderate in group 2, and very slight in group 3 ( Figure 5 ).
PDGFR-α immunoreactivity in jejunum
While moderate cytoplasmic reaction was determined in villus epithelial cells of group 1, very slight cytoplasmic reaction was observed in the villus epithelial cells of groups 2 and 3. Goblet cells had very intensive nuclear reaction in groups 1 and 2 and slight nuclear reaction in group 3. It was determined that groups 2 and 3 had very slight cytoplasmic reaction in crypt epithelial cells, while group 1 had moderate cytoplasmic reaction. Reaction in the vascular endothelial cells was intensive in group 1, moderate in group 2, and slight in group 3 ( Figure 6 ).
PDGFR-α immunoreactivity in ileum
It was found that while villus epithelial cells of group 1 had moderate cytoplasmic reaction, the reaction was slight in those of group 2 and very slight in those of group 3. Reaction in goblet cells was determined to be very intensive in groups 1 and 2 and slight in group 3. Crypt epithelial cells of group 1 had moderate cytoplasmic reaction, those of group 2 had slight cytoplasmic reaction, and those of group 3 had very slight cytoplasmic reaction. Regarding vascular endothelial cells, while group 1 had very intensive reaction, group 2 had intensive reaction and group 3 had slight reaction ( Figure 7 ). 
Discussion
It was reported that the effects of capsaicin on body weight change are especially based on lipid metabolism (4, 13, 14) . Capsaicin was asserted to have this effect by decreasing lipid absorption from the intestine, increasing functions of glucose-6-phosphate and lipoprotein lipase and thus decreasing serum triglyceride levels, weight of adipose tissue, and lipid peroxidation (4, 13) . It was suggested that the decrease in lipid level was associated with capsaicin providing the release of catecholamines from the adrenal medulla and increasing the energy and lipid metabolism due to the fact that it stimulates the central nervous system. Capsaicin is used in the treatment of obesity because of these effects (15) . Comparing all groups in this study, there was a decrease in body weights of groups 1 and 2 and an increase in body weights of rats in group 3. Capsaicin was determined to decrease body weight in consideration of the statistical data. Because of effects on growth and development in the intestine, in a study conducted on this subject, an increase was reported in villus height in the small intestine of animals fed with a plant extract mixture consisting of carvacrol, cinnamaldehyde, and capsaicin. It was found here that villus height of intestines of capsaicinadministered rats in groups 1 and 2 increased, in parallel with the information in the literature (16) .
The small intestine, especially crypts and villi of the absorptive epithelium, plays a significant role in nutrient digestion and assimilation. An elongation of the villus increases the surface area for nutrient absorption. The crypt can be regarded as the villus factory, and a deeper crypt indicates faster tissue turnover and a high demand for new tissue. The increase in number of goblet cells was accepted as an indicator of absorption and digestive capacity in enterocytes (17) . Capsaicin was suggested to increase the amount of substances absorbed in intestines by increasing the number of goblet cells and providing a protective effect in the digestive system by increasing mucous production in the stomach (1, 17) . Capsaicin was also stated to increase the absorption of substances in the small intestine (18) . Comparing all groups in this study, villus height, crypt depth, and number of goblet cells in both villi and crypts increased in small intestine tissues of groups 1 and 2. In light of these results, capsaicin is thought to increase both absorption of substances by increasing the number of goblet cells and to have a protective feature against physical and chemical effects by increasing mucous production.
Growth factors have significant roles on the development of the small intestine in embryonic and adult periods. However, there is limited information regarding this subject (19) . It was reported that both PDGF-A and PDGFR-α were necessary for development of the gastrointestinal system, and release of these factors was necessary in villus and crypt epithelial cells, the submucosa, and muscles. It was stated that while PDGFs are released especially from epithelial cells, PDGFR-α is released from cells of muscles and connective tissues along with epithelial cells (20) . Even though expression details of PDGF/PDGFR-α signals could not be explained in adult gastrointestinal tissue, PDGFR-α is released at high levels in small intestine tissue of adult rats (21) . Our study determined that PDGF-C and PDGFR-α immunoreactivity was present in villus and crypt epithelial cells, goblet cells, vascular endothelial cells, and smooth muscle cells in the tissue of the small intestine.
No information was found about the effects of capsaicin on PDGF-C and PDGFR-α release. However, it was reported to have an increasing effect on release of various growth factors such as IGF-I (22), EGF (23) , and TGF (24) . A study conducted on humans and animals reported that capsaicin administration increased development of skin and hair by stimulating release of IGF-I, a growth factor. Release of PDGF-C and PDGFR-α in the small intestine (duodenum, jejunum, and ileum) of rats in groups 1 and 2 increased in this study, in parallel with other studies mentioned (23) (24) (25) .
The present study concluded that while body weight increased in group 3, it was decreased in groups 1 and 2. Capsaicin administration increased villus height, crypt depth, and goblet cell count in the small intestine and showed an increasing effect on growth by increasing PDGF-C and PDGFR-α release in numerous cells such as villus and crypt epithelial cells, goblet cells, vascular endothelial cells, and smooth muscle cells.
